Clostridium acetobutylicum, a gram-positive, strictly anaerobic sporeformer, belongs to one of the largest genera of bacteria. The impressive metabolic capacity of the many different species has a high biotechnological potential (1, 9) . To better understand the molecular mechanisms involved in the regulation of metabolic pathways, several groups have started to analyze the genetics of clostridia (21, 27) . Much work has been done on C. acetobutylicum. This might be due to the fact that this organism has been used for the industrial production of useful solvents from renewable biomass and that it is able to change its fermentative metabolism, depending on the environmental conditions (4, 12) . During growth, C. acetobutylicum ferments sugars to acetate, butyrate, H2, and CO2. At the end of the exponential growth phase the residual sugars and most of the preformed acids are converted to butanol and acetone. Furthermore, the switch from acid to solvent formation seems to be associated with cell differentiation (storage of granulose, sporulation) (15, 16) . Altogether, C. acetobutylicum provides an attractive system to study the expression and regulation of genes during the developmental process of this organism. However, despite research for decades, the mechanisms for the initiation of solvent production and/or sporulation at the molecular level are not known.
One important factor for the regulation of gene expression is the RNA polymerase. It is now known that the bacterial transcription machinery comprises a system of multiple RNA polymerase holoenzymes composed of a common core enzyme and several different sigma factors (7, 11 7 .5% trichloracetic acid containing 200 mM sodium pyrophosphate and dried, and the radioactivity was measured in a scintillation counter (Beckman, Palo Alto, Calif.). The protein concentrations were measured by the method of Lowry et al. (17) . One unit of RNA polymerase activity incorporated 1 nmol of UMP into RNA in 10 min under standard assay conditions. The dissolved and dialyzed ammonium sulfate precipitate was loaded onto a DEAE-cellulose column. The column was washed with 200 ml of buffer B, and the enzyme was eluted by a linear NH4Cl gradient (0.02 to 1.2 M, 600 ml of buffer B). The enzyme activity eluted in a single peak between 0.36 and 0.5 M salt (data not shown). The peak activity fractions were pooled and dialyzed against buffer B. The following affinity chromatography steps on heparin-agarose and single-stranded DNA-cellulose removed most of the protein contaminations from the RNA polymerase of C. acetobutylicum. The pool from the DEAE-cellulose column was loaded onto a heparinagarose column (20 ml). The column was washed with buffer B, and the enzyme was eluted with a linear NH4Cl gradient (0.02 to 1.2 M, 160 ml of buffer B). The most active fractions were pooled, dialyzed against buffer B, and applied to a single-stranded DNA-cellulose column (10 ml). The enzyme was eluted with a linear ammonium chloride gradient from 0.02 to 1.2 M NH4Cl in buffer B (100 ml). The peak activity fractions were pooled, dialyzed against buffer B, and concentrated to a volume of 0.5 ml with a Centriprep 30 one-way concentrator (Amicon, Witten, Federal Republic of Germany). During both affinity chromatographies the enzyme eluted in a single peak between 0.36 and 0.6 M NH4Cl with the heparin-agarose material and between 0.5 and 0.6 M NH4Cl with the DNA-cellulose column (Fig. 1) . To remove remaining contaminating proteins the concentrated active fractions (0.5 ml) from the DNA-cellulose column were loaded onto a 10-ml linear sucrose (10 to 30%)-glycerol (5 to 10%) gradient in buffer A containing 0.5 M NH4Cl but no glycerol. The centrifugation was carried out in a TH641 rotor (Beckman) at 41,000 rpm for 24 h. The gradient was partitioned in 0.4-ml fractions, which were analyzed by gel electrophoresis and enzyme activity measurements.
The extent of purification was analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Fig. 2) (14) ; the overall purification procedures are summarized in Table  1 . The enzyme specific activity was enhanced 17-fold relative to that of the ammonium sulfate precipitate, with a 12.5% yield. The RNA polymerase protein was purified far more than 17-fold (estimated over 100-fold) (Fig. 2) . Therefore, great losses in activity in the later purification steps must have occurred, which would explain the relatively low increase in specific activity of the purified enzyme.
Composition of the RNA polymerase. The final preparation of the RNA polymerase from C. acetobutylicum contained a single protein as shown by gel electrophoresis under nondenaturing conditions (18) . Gel filtration on a Superose 12 column with a fast-protein liquid chromatography system (Pharmacia, Freiburg, Federal Republic of Germany) revealed a molecular mass of 370,000 Da for that enzyme (data not shown). On polyacrylamide gels in the presence of respectively. On Western immunoblots (26), antibodies against the major Escherichia coli sigma factor, a70, reacted strongly with the C subunit of the purified RNA polymerase from C. acetobutylicum; this polypeptide was tentatively designated a46 (Fig. 3) . Therefore, the size of the sigma factor of the RNA polymerase from growing C. acetobutylicum cells is in the same range as the major form of sigma factors from other gram-positive bacteria, for example, Bacillus subtilis (43,000 Da) (2) and Lactobacillus curvatus (44,000 Da) (22) . Cross-reaction of antibodies to E. coli a70 has been observed with sigma factors from other RNA polymerases (13) . Very probably, the peptides A and B correspond to the /,P' subunits and peptide D corresponds to the a subunit of other eubacterial RNA polymerases. The tentative subunits and I' are smaller than the corresponding subunits of all other eubacterial RNA polymerases that have been described. Conditions for optimal enzyme activity. RNA synthesis by the purified RNA polymerase from C. acetobutylicum was absolutely dependent on the presence of a double-or singlestranded DNA template. It also required bivalent cations for activity. The highest activity was obtained with 20 mM Mg2" on C. acetobutylicum DNA and poly(dA-dT) DNA. With calf thymus DNA as a template, maximal activity was achieved with 10 mM Mg2" (Fig. 4 and 5 ). The addition of 3 mM Mn2" to the RNA polymerase assay resulted in comparable activity values on poly(dA-dT) DNA but in reduced activity on calf thymus DNA and C. acetobutylicum DNA (Fig. 4 and 5) . Mg2" could also be replaced by Co2" (10% of Western immunoblot analysis of RNA polymerase subunits. Samples (5 ,ug) of purified enzyme were separated in a 12.5% acrylamide gel, transferred to nitrocellulose sheets, and analyzed with polyclonal antibodies against the a70 subunit of the E. coli RNA polymerase. Lanes: 1, proteins stained with Coomassie brilliant blue; 2, antibody reaction. the activity observed with Mg2" on C. acetobutylicum DNA) but not by other bivalent cations, such as Ni2" and Zn2+. The optimal activity at different ionic strengths depended on the nature of the template. At 20 mM Mg2+, optimal activity was obtained in the presence of 50 mM NH4Cl on poly(dA-dT) DNA and C. acetobutylicum DNA and in the presence of 100 mM NH4C1 on calf thymus DNA. The RNA polymerase from L. curvatus exhibits optimal activity in the presence of Mn2+ under all conditions and is known as an Mn2+-dependent enzyme (22) . Since Mn21 activated the enzyme of C. acetobutylicum only on poly(dAdT) DNA with the same efficiency as Mg2' and with considerably lower efficiency on other DNA templates, it is considered as an Mg2'-dependent RNA polymerase like the enzymes from E. coli (5) and B. subtilis (2) .
To elucidate the pH optimum we used morpholinoethanesulfonic acid buffer (pH 5.0 to 7.0), Tris-HCl (pH 7.0 to 10.0), and 2-amino-2-methyl-1-propanol buffer (pH 10 The DNA-dependent RNA polymerase from C. acetobutylicum is one of the first transcriptases described from a member of the diverse group of Clostridium species. Recently the purification of the RNA polymerase from the pathogen Clostridium perfringens was reported (8) , but a detailed characterization of that enzyme was not given. Nevertheless, the subunit composition and ratio of both clostridial enzymes corresponded to those of enzymes from many other eubacteria, including E. coli (5), B. subtilis (2) , and L. curvatus (22) . The purification procedure described herein and the characterization of the RNA polymerase from actively growing acid-producing C. acetobutylicum cells is the necessary basis for further studies. Recently, a connection between the heat shock response and the initiation of solvent formation in C. acetobutylicum was proposed (20, 25) . In the regulation of the heat shock response of E. coli (23) and the sporulation process of B. subtilis (24) , alternate sigma factors play an important role. It will be of interest to know whether the RNA polymerase from C. acetobutylicum cells, which switch from acid to solvent production, initiate sporulation, and/or are exposed to other forms of stress, contains different sigma factors controlling the expression of respective genes.
